The normal gravity fields of Nigeria have been modeled exploiting the Geodetic Reference System 1930 (GRS-30), Geodetic reference system 1967 (GRS-1967) and the world geodetic reference system 1984 (WGS-84). The determination of the normal gravity fields from the three Geodetic Reference Systems were carried out to evaluate the accuracy of one reference datum with respect to another. Descriptive statistics of the normal gravity field values modeled on regional and local scales showed a large difference ( mGal 11 . 16 ) between the 1930 reference earth model (GRS-30) and 1967 reference earth model (GRS-67). A large difference was also established between the 1930 and 1984 reference earth models. The large difference in the mean of normal gravity field is attributed to error inherent in the Potsdam value ( mGal 16 ). However, the small difference in normal gravity field values between the 1967 and 1984 reference systems is a pointer that the choice of either application in geophysical exploration or geodetic applications is of minor importance. The trends in discrepancies between the 1930 and 1967 reference earth models and 1930 and 1984 reference earth models are reflected in the standard deviation and standard error (S.E) of the normal gravity field values.
Introduction
One of the stages in the analyses of gravity data is the conversion of gravity measurements to gravity anomalies. To determine gravity anomaly the theoretical (normal) gravity values are required. Arafin (2004) defined gravity anomaly at a point on the physical surface of the earth as the deviation of the earth's normal gravity value at the point of latitude from the observed gravity value at the same point. The normal gravity constitutes a theoretical value representing the acceleration of gravity that would be generated by a uniform ellipsoidal earth. If the figure of the earth is assumed to be ellipspsoid of revolution, the normal gravity will vary with the latitude of the observation points. The ellipsoid of revolution can be accomplished by rotating an ellipse about its minor axis. Thus, at the poles, the earth is slightly flattened and bulges at the equator. Therefore, the ellipsoid of revolution is the geometrical figure used to approximate the shape of the earth. The undisturbed surface of the ocean (no wind, no current, no tides and averaged over time) perpendicular to the direction of the plumb line is called the geoid.
There are several factors that determine the value of normal gravity at a point on the ellipsoidal surface. They include the size and shape of the ellipsoid and a value computed from observational data which represents the value of gravity at the equator. If normal gravity is computed for a relatively small area, for example a city; this constitutes local modelling of normal gravity. This type of modeling gives a local ellipsoidal surface (Fig.1a) and does not account for the curvature of the entire earth. The local ellipsoidal surface only closely approximates the size and shape of the earth in the small area. This idea represents that of a flat earth model. If a gravity survey is done for such small area (plane -table survey) exact location can be established relative to each other without accounting for the size and shape of the total earth. The difference in gravity value between the measured gravity and normal gravity values computed for such a relatively small area constitutes gravity anomaly. Determination of different types of gravity anomalies require that the observed data be reduced to an equipotential surface called the geoid.
The computation of normal gravity for the entire earth for the determination of the ellipsoid constitutes global modeling (Fig.1a) . Where the local ellipsoidal surface is large, the modelling of the normal gravity field for example, country/region constitutes regional modelling. Osazuwa (1993) determined the normal gravity values for Nigeria and evaluated the accuracy of the geodetic reference systems . This study considered an additional reference earth model, the WGS-84 (World geodetic system1984) which represent the latest reference earth model for determination of normal gravity field. Therefore, the objective of this study is to compute the normal gravity field of Nigeria per 0.5 0.5    change in latitude (regional modeling) and normal gravity field for a geological province (fig1b) in southeastern Nigeria (local modeling ) where gravity data exists. Thus, where gravity observation exists, normal gravity field values could be handy for gravity anomalies determination. Gravity anomalies are useful for tectonic studies, structural relations of deep and adjacent geologic features (Okiwelu et al., 2010) and basin analyses. It is also useful for anomaly transformation (Saheel et al., 2010) and reconnaissance tool for hydrocarbon exploration. Since normal gravity field data are indispensable in modelling gravity anomalies the reference earth models for determining normal gravity fields should be evaluated to ascertain their accuracy. This is the main objective of this study. Normal gravity fields are computed from International gravity formula (IGF) [Geodetic Reference Systems (GRS)]. The popular reference earth models are the GRS-67 (Geodetic Reference System 1967) and WGS-84 (World Geodetic Reference System 1984). The 1930 formula (GRS-30) was previously used. Other earlier Schemes include WGS-72, WGS-66 and WGS-60. These geodetic Systems e.g. WGS84 are standard for coordinate frame for the earth and a standard spheroidal reference ellipsoid for raw data and gravitational equipotential surface that defines the nominal sea level. The geodetic systems are therefore very suitable for computing the equipotential surfaces. The WGS-84 reference ellipsoid is more amenable to geophysical applications (Fairhead et al., 2003 , Kuhn et al., 2009 ) while the GRS-80 is usually used for geodetic applications. The earth's physical surface comprising the mountains, valleys, rivers and surface of the sea is highly irregular and not suitable as a computational surface. The geoid represents a smooth surface while the ellipsoid is a better smooth mathematical surface that best fits the shape of the earth. Both equipotential surfaces do not coincide. The separation between the two is referred to as geoid undulation or geoid heights.
Theory and Methodology

Theory
The gravity on the ellipsoid can be derived from the gravitational potential U:
Where r is the radius of the spheroid and varies with latitude,  according to
a is the radius of the earth at equator while G, M,  are the gravitational constant, mass of the earth and the angular speed of the earth rotation respectively. The second term in equation (1) is due to spheroidal shape of the earth. 2 J is a constant determined by the distribution of mass and the term in bracket is the second degree harmonic giving the spheroidal shape. The third term is the centrifugal potential. f in equation (2) The expression for gravity anomaly can be written as
Where obs g is observed gravity
Methodology
The ellipsoidal model of the earth listed in equations (5, 6, 7 and 8) are utilized in geodesy for computing the shape of the earth and applied in exploration geophysics for determination of gravity anomalies. At the 1967 meeting of the International Union of Geodesy and Geophysics(IUGG) held in Lucerne Switzerland, the ellipsoid (GRS-67) was recommended for use to make up for the accuracy and precision lacking in GRS-30 which was adopted at the general assembly in Stockholm in 1930. The GRS67 was eventually approved and adopted at the 1971 meeting of the IUGG held in Moscow and therefore replaced the earlier Geodetic reference systems.
In December, 1979 at Canberra the general assembly of the IUGG adopted the Geodetic Reference System 1980.
The body recognized the fact that the Geodetic reference System 1967 no longer represent the size, shape and gravity field of the earth to an accuracy adequate for many geodetic, geophysical, astronomical and hydrographic applications (Moritz,1980) . The GRS-67 was then replaced by a new GRS-80 based on the theory of the geocentric equipotential ellipsoid defined by the following Conventional Constants (Moritz, 1980) 
Results and Discussion
The results of the normal gravity fields computed from the GRS-30, GRS-67 and WGS-84 on a regional and local scale are presented in Tables 1 and 2 (Dryden, 1942; Jeffreys, 1949; Morelli, 1959 and Wollard, 1950) . This error necessitated a change from 1930 reference model to 1967 reference model. There was a recognition that the absolute gravity values at Potsdam System (1930 model) base station were in error and that allowing for an improved knowledge of the shape of the earth required a corresponding change in formula (Milson, 2003) .
The mean values of normal gravity field for Nigeria ( ; the values were computed from GRS-67 and WGS84 respectively. The closeness in values suggests that the choice of either approach is of minor importance for most applications in geophysical exploration and geodesy. The change from 1967 reference model to 1984 world geodetic system is progressing gradually since the actual changes implied in theoretical gravity are often smaller than the errors in absolute gravity of individual gravity stations and no changes in base station values are required (Milsom, 2003) . Despite the change from GRS-67 to WGS-80 and now WGRS-84, the 1967 International Gravity formula is still very popular because of its compatibility with the network of international gravity base stations known as IGSN71 [International Gravity Standardization Network(1971) ]. While the International gravity formula (geodetic reference systems) serve as a means of computing the normal gravity at the reference ellipsoid based on the latitude of the point of consideration, the International standardization network serves as a reference datum by means of which absolute gravity values are extrapolated to another area through relative gravity measurements (Osazuwa, 2004) . The changes in geodetic reference system in computing the normal gravity fields is due to changes in some geodetic parameters such as Newtonian gravitational Constant(G), Geocentric gravitational Constant(GM), mean equatorial gravity in the Zero-frequency tide system ( ) eq g and equatorial radius of the reference ellipsoid(a). The WGS-84 was computed by considering the variation of atmospheric density. This is done by applying correction to measured values (Moritz, 1980) . The reference ellipsoid is defined to enclose the whole mass of the earth including the atmosphere. The 1967 geodetic reference system computation is, however, based on the theory of the equipotential ellipsoid without an atmosphere.
The results of local modeling in Table 4 from the three reference models show that the standard deviations (2.54 ) mGal are low. This suggests that the set of data were computed at close interval. This is approximately at 0.01 0 intervals. The computation of data point at 0.5 0.5    change in latitude for the regional modeling increased the standard deviation to106mGal . The similarity in standard deviations of 2.54 106 mGal and mGal for the local and regional modeling respectively for the three reference models is a pointer that the data sets were computed at equal intervals. This interpretation is compatible with the standard errors in Tables 3 and 4 
Conclusion
Evaluation of the normal gravity field determined from the geodetic reference systems (1930, 1967 and 1984) for Nigeria revealed a large difference between the 1930 and 1967 reference earth models and 1930 and 1984 reference earth models. The large difference in the means of normal gravity fields manifests as constant bias (16mGal).The large difference is consistent with the error in Potsdam value. The minor difference between the values computed from the GRS-67 and WGS-84 suggests that the choice of either approach is of minor importance for most applications in geophysical exploration and geodetic applications. The change in geodetic reference systems in computing normal gravity fields is due to changes in some geodetic parameters. The results of the normal gravity fields are consistent because the values are dependent only on latitude of the computation point. The standard deviation and standard errors are also consistent indicating that the data points were computed at equal interval. 
